RING-®nger proteins participate in developmental processes, including gametogenesis. A fetal oocyte cDNA library was used to select genes expressed during male germ-cell differentiation. A novel RING-®nger protein, XYbp (XY body protein), participating in mouse spermatogenesis has been identi®ed. This novel gene generates a ubiquitously expressed transcript of 4.2 kb and a testis-speci®c one of 2.8 kb, processed by an alternative polyadenylation mechanism from a non-canonical polyadenylation signal. Transcription of XYbp is regulated during spermatocyte differentiation. The antiserum raised against the XYbp peptide demonstrated that XYbp is localised mainly in the XY bivalent of spermatocytes (XY body) and in the centrosomes of somatic and germ cells in all phases of the cell cycle. These studies indicate that we have identi®ed a new member of the RING-®nger family of proteins associated with the XY meiotic bivalent during spermatogenesis development and with the centrosomes of all cells. q
Introduction
In mammals, gender-speci®c and developmental programs regulate gametogenesis. In previous studies, we cloned cDNAs corresponding to genes with de®ned patterns of expression in female or male gametogenesis vs. somatic tissues (Lo Âpez-Alan Äo Ân and del Mazo, 1995; Lo Âpez-Ferna Ân-dez and del Mazo, 1996) . This analysis of regulatory gene expression during gametogenesis led us to isolate and characterise a novel gene, with a conserved RING-®nger (C3HC4) domain, called XY body protein (XYbp), due to the localisation of the gene product on the XY bivalent in spermatocytes.
XYbp was isolated from a 16 dpc (days post-coitum) fetal ovary cDNA library (Lo Âpez-Alan Äo Ân and del Mazo, 1995).
Results
In fetal and adult ovaries, only a low level of expression of a 4.2 kb transcript was detected (Fig. 1A) . Similarly, extended exposures demonstrated that XYbp was also expressed at low levels in somatic tissues (Fig. 1B) . However, two transcripts of 4.2 and 2.8 kb were detected in the adult testis. Developmental analysis of XYbp expression in the testis showed that the alternative 2.8 kb transcript appeared on 14 dpn (days post-natal) (Fig. 1C ). The presence and the level of expression of this 2.8 kb transcript, from this day of testis development, corresponding to the post-natal emergence of pachytene spermatocytes (Bellve Â et al., 1977) , is coincident with an increased expression to 30-fold of the 4.2 kb transcript. This indicates the existence of common regulatory mechanisms for the expression of the two transcripts. To complete the expression analysis of XYbp, total RNAs from different enriched spermatogenic cell types and comparatively from somatic cultured cells were analysed. As shown in Fig. 1D , both XYbp mRNAs were detected in germ cells.
To determine whether XYbp expression represents de novo expression in pachytene, a run-off transcription experiment was performed. As shown in Fig. 2 , the level of de novo XYbp transcription was 5-fold greater than that of transcription of the positive control b -actin. This demonstrates that XYbp is actively transcribed in pachytene cells.
To identify the cell types expressing XYbp in the seminiferous epithelium, in situ hybridisations on adult testis cryosections were performed as shown in Fig. 3 . Both XYbp cDNAs, corresponding to 4.2 and 2.8 kb transcripts, were isolated and sequenced from an adult testis cDNA library. (GenBank accession number: AF120207 and AF120206, respectively). Both transcripts presented the same ORF, from nucleotide 212 to 2732. The predicted polypeptide had a M r of 90.6 kDa. Complete sequencing of the XYbp gene was carried out and the exon/intron structure obtained. The XYbp 2.8 kb transcript is generated in the testis by an alternative polyadenylation mechanism, using a non-canonical signal (AATACA) (manuscript in preparation).
The polypeptide sequence predicted from the ORF of XYbp was compared to those in the databases. No homology to known proteins was detected. However, consensus sequences corresponding to two different nuclear localisation signals (NLS) were found (Fig. 4A) . The ®rst one, called`4 residues NLS' (Chelsky et al., 1989) , is at position 159. The second one, known as`Robbins and Dingwall NLS' (Dingwall et al., 1988) , is located at position 198. In addition, a well-conserved RING-®nger motif was detected between positions 300 and 332 (Fig. 4A ). This RING-®nger motif has a high degree of similarity to those of other RING®ngers found in protein sequences from different species (manuscript in preparation). All the homologous sequences presented the conserved motif: C-X 2 -C-X 9±39 -C-X 1±3 -H-X 2± 3 -C-X 2 -C-X 4±48 -C-X 2 -C (Prosite accession number: PS00518). This motif has been described as to participating in protein-protein interactions (Freemont et al., 1991; Borden and Freemont, 1996) , although the natural target sites of these proteins are yet to be discovered. RING-®nger proteins seem to participate in processes associated with gametogenesis. Recently, two RING-®nger-containing proteins have been isolated: terf from a rat testis cDNA library (Ogawa et al., 1998) and Znf179 preferentially transcribed in the brain and testis (Zhao et al., 1998) . At positions 168 and 217, two possible hydrophobic residue-rich stretches are also predicted. XYbp protein has 41% identity with a cDNA sequenced from the ovary of the mosquito Aedes aegypti (accession number U84248). The two hydrophobic domains and the`RING-®nger' domain are also conserved in the protein sequence deduced from the A. aegypti ovarian cDNA.
Developmental expression analysis and localisation of XYbp were investigated. In the adult mouse ovary, af®-nity-puri®ed anti-XYbp serum recognise two bands in Western blot analysis, one of approximately 90 kDa and another of 58 kDa. The same bands were detected in testis protein extracts from juvenile mice (Fig. 4B) . However, an additional band of 50 kDa was detected in the adult mouse testis. The same antiserum detected three major bands of 75, 40 and 30 kDa in an D. melanogaster ovary extract.
In mouse testis sections, XYbp was concentrated in pachytene spermatocytes. The signal decorated the XY bivalent, or XY body (Fig. 5A ). This structure results from different degrees of condensation between the sex chromosomes and autosomes during male meiosis (Solari, 1970) . From a functional point of view, the X chromosome is transcriptionally inactivated in the XY body during spermatogenesis in mammals (Ayoub et al., 1997) , and some proteins have been reported as participants in the organisa- tion of the XY body (Calenda et al., 1994; Smith and Benavente, 1995; Kralewski et al., 1997) . Immuno¯uorescence on monodispersed testicular cells con®rmed the preferential localisation of XYbp to the XY body in pachytene cells (Fig. 5D) . To further characterise the localisation of XYbp to the XY body, with respect to synaptonemal complexes, double immuno¯uorescence was performed using an antibody recognising the lateral elements (SCP-3) (Lammers et al., 1994) (Fig. 5Q±T) . The XYbp distribution varies slightly depending on the stage of development of spermatocytes. In the zygotene stage, XYbp appeared tightly condensed or focused on the XY body (Fig. 5O±Q) . In contrast, XYbp in the XY body of pachytenes was more diffuse and non-homogeneously distributed (Fig. 5R±T) .
In addition to the XY body, a distinct Y-shaped structure, not described before, was also seen in the cytoplasm of spermatocytes (Fig. 5F±L) . The localisation of this Yshaped component in pachytene cells was consistent with Fig. 3 . In situ hybridisations of adult testis sections. This experiment was carried out with an antisense riboprobe which detects both transcripts (XYbp 4.2/2.8) and another riboprobe which only detects the 4.2 kb transcript (XYbp 4.2). The signal was localised mostly on pachytene spermatocytes, as can be seen by the blue precipitate (As). However, a faint signal was also detected on round spermatids. Sense riboprobes resulted in no signal. S, control sense riboprobe; B.F., bright ®eld; H 33258, nuclear staining with Hoechst; B:F: 1 H 33258: merging of previous images.
it being the centrosome. To clarify this observation, double immuno¯uorescence with an antibody against g-tubulin, a speci®c component of the centrioles (Moudjou et al., 1996) was performed on monodispersed testicular cells. The centriolar structures denoted by anti-g -tubulin colocalised precisely with the Y-shaped structure denoted by the antiXYbp antiserum (Fig. 5F±L) . Other proteins as basonuclin (Yang et al., 1997) and AykI (Yanai et al., 1997) has been reported to be associated with the centrosome during spermatogenesis. XYbp pre-immune serum controls showed no immuno¯uorescence signals on either the XY body or the Y-shaped centrosomal structure.
Considering the results obtained in the expression analyses of XYbp by Northern blots and Western blots, which suggest the presence of the protein in all cell types, we performed immuno¯uorescence assays on a somatic cell type (3T3 ®broblasts). Based on the potential conservation of XYbp in different species throughout evolution, immuno-¯u orescence was also carried out on D. melanogaster ovaries (data not shown). In all cases, the anti-XYbp antiserum recognised centrosomes in both dividing and resting cells (Fig. 6) . Double-staining immuno¯uorescence using anti-gtubulin antibody con®rmed the colocalisation of XYbp in the centrosomal region of all cells.
Since XYbp is highly conserved throughout evolution and is clearly associated with the meiotic and mitotic centrosomes, we also propose it as an integral part of the centrosomal complex.
Experimental procedures

RNA extraction and Northern blot analysis
Total RNA from mouse tissues and cells were obtained by the acid guanidinium phenol chloroform (AGPC) method ( Chomczynski and Sacchi, 1987) . Agarose gel electrophoresis of RNA and its transfer to nylon membranes, followed by hybridisation, was carried out by standard methods (Sambrook et al., 1989) .
cDNA sequencing
The cDNA clones were completely sequenced using a transposon-facilitated DNA sequencing strategy (Strathmann et al., 1991) . Sequencing was performed with a T7 sequencing kit (Pharmacia Biotech).
Run-off transcription assay
To detect newly transcribed RNA, cells from 12 adult mice testes were separated by sedimentation at gravity with a STA-PUT system using a continuous BSA gradient (2±4%) (Bellve Â et al., 1977) . Those fractions enriched with more than 90% pachytene cells were pooled together, washed and resuspended in 2 ml PBSG. These cells were processed for nuclei isolation and run-off performance of newly synthesised RNA using a -32 P-dUTP-labelled, as described (Ausubel et al., 1995) .
In situ hybridisation
XYbp-speci®c probes, a common one recognising both transcripts, and a 4.2 kb transcript-speci®c probe, were labelled with digoxigenin using the DIG-RNA labelling kit (Boehringer Mannheim GmbH). Sense riboprobes were used as controls. Both antisense riboprobes were obtained from the T7 promoter of pSPT18. Sense riboprobes were synthesised from the SP6 promoter of the same plasmid. Sections were treated, as previously reported (Stra Èhle et al., 1994) , and observed microscopically.
In vitro expression of fusion protein and antibodies
XYbp cDNA was subcloned into the pMALc2 vector (New England Biolabs Inc., Beverly, MA) to generate a fusion protein with the Maltose Binding Protein (MBP) from E. coli. After puri®cation, this protein was used to generate antibodies in rabbits. The immunisation protocol has been described elsewhere (Harlow and Lane, 1988) . Antiserum titration was performed by ELISA and Western blots. To purify those IgGs speci®c for XYbp, an af®nity puri®cation protocol for the anti-XYbp antiserum was performed, as previously reported (Wordeman and Mitchison, 1995) . The puri®ed antibody was dialysed against 20 mM phosphate buffer and tested by ELISA.
Western blotting
Total protein extracts from different tissues were extracted, as reported (Harlow and Lane, 1988) . Proteins were separated by SDS±PAGE (Laemmli, 1970) , transferred to nitrocellulose, probed with anti-XYbp af®nity-puri®ed antiserum and developed with a Pierce SuperSignal kit (Pierce, Rockford, IL, USA).
Immuno¯uorescence
Tissue sections were obtained as for in situ hybridisation. Dispersed testicular cells prepared by mechanical dispersion of the seminiferous tubules and cultured cells (3T3), were processed as described by Fanarraga et al. (1999) . 
